The factors that influence waste generation and management vary with country but there is a gap in the availability of waste data in Africa limiting the assessment of these factors for sustainability. Hence, this study was aimed at evaluating the drivers of waste generation, collection and disposal, and their impact on sustainability of Kampala as compared to the East African Community (EAC). Waste generation in Kampala was calculated using recorded waste collection efficiencies while data for Nairobi and Dar es Salaam was obtained from existing literature. Waste quantities for disposal were recorded daily at Kiteezi landfill from 2011 to 2017. Results showed that the major drivers of waste generation, collection and disposal in the EAC are population growth, vehicle capacity and the need for disposal respectively. Waste generation rate in Kampala increased from 0.26 to 0.47 kg/capita/day and the annual waste quantity increased significantly (p < 0.5) by 48% from 227,916 to 481,081 tons corresponding to a 54% population increase. Waste collection efficiency increased from 30% to 64% and hence waste for disposal increased significantly (p < 0.5), with a mean of 15,823 tons/month; but varied significantly (p < 0.5) with the city division. The most (5120 tons) and least (3472 tons) waste per month was collected from the Central and Nakawa divisions respectively. Additionally, Kampala Capital City Authority collected significantly more waste than private collectors for all study years. Waste is disposed of at the Kiteezi landfill despite exhausted capacity. Future projections showed that by 2030, annual waste would increase by approximately 60% for Kampala and Nairobi and by 74% for Dar es Salaam. Dar es Salaam generated the highest amount of waste, five times more than Kampala. More investment needs to be made towards the reduction of waste disposal and strategies developed for the reuse and recycling of waste.
Introduction
Sustainable management of municipal solid waste (MSW) continues to be a challenge for the majority of African cities. Although Africa is the least urbanized continent, it currently has the highest rates of urbanization and urban population growth [1] [2] [3] . African cities are expanding rapidly with a crucial role in slowing down the continent's progress towards sustainable development as waste management is embedded in several targets of the SDGs [10] . To mention but a few, by 2030, it is anticipated that (1) there would be a substantial reduction in the number of deaths and illnesses from hazardous chemicals and air, water and soil pollution and contamination; (2) reduction of 'the adverse per capita environmental impact of cities including, paying special attention to air quality and municipal and other waste management and (3) the respective governments would ensure availability and sustainable management of water and sanitation for all [10] . Since waste is a major source of hazardous chemicals and contaminants [11] , improper waste disposal most certainly adversely affects the availability of safe water resources and sanitation. Accordingly, the impact of poor waste management in Africa is clearly not limited to only the resources that are directly affected, but also has serious implications regarding sustainable development as a whole. The management of MSW can be viewed as a component of the environmental management process that has a direct bearing on a city's attractiveness and its social, economic and political development [7] , thus encompassing the three pillars of sustainability [12] .
Sustainability entails processes and services that meet the needs of the current generations without compromising the ability to serve future generations [13] . In 2015, the United Nations, during the transition from the millennium development goals (MDGs) to SDGs, brought to attention the need for unlocking development blockages so as to achieve prosperity that is sustainable for both present and future generations. As waste management presents a major blockage to sustainable development in Africa [7, 14] , the urgent need to improve MSW management in the region cannot be overemphasized. Nevertheless, for effective improvement, a comprehensive understanding of the present condition is essential to guide the plans for processes, services and practices that conserve the quality of the environment and human health while ensuring equitable growth, which would enhance the move towards sustainable development. The past and current states of MSW management give valuable indications of the future situations [7] , which would be helpful in planning for sustainability as they highlight the challenges and opportunities that can be harnessed for improvement.
Additionally, although waste management in Africa is receiving more research attention and processes along the waste management chain have been described for several countries, the drivers of these processes and their link to sustainability is still lacking. However, for effectiveness, the surrounding operational environment of the waste management processes, which comprises of the external influences [2] that serve as drivers to the processes should receive as much attention as the processes themselves. Increased attention to the MSW management process drivers is important to develop relevant strategies and innovations for the integration of waste into the sustainable development strategies of cities [7] . Moreover, there is still a gap in the quantity and quality of data on the generation and management of solid waste in Africa, which has been accurately described as scanty if not poor by Mohee and Simelane [7] . Hence the study of trends and their drivers is still limited in the waste management of Africa, and yet they would be useful in projecting for future management. Moreover, since MSW generation rates, composition and management across countries [2] , evaluation of individual countries or regions would ultimately serve to improve the efficiency of those countries.
Furthermore, closely linked to sustainability is the concept of circular economy. Circular economy has been defined as "a regenerative system in which resource input and waste, emission, and energy leakage are minimized by slowing, closing, and narrowing material and energy loops" [15] . Both sustainability and circular economy have shared concerns about the current states of technology, industrial production and consumption, which are likely to put future generations at risk [15] . Additionally, both concepts highlight the importance of adequately incorporating environmental and social aspects within economic progress. The concept of circular economy is gaining increasing importance in solving several sustainability issues [15] [16] [17] and the development of circular economies has great potential in improving waste management [18] and actually enhancing the move towards sustainability. However, the potential of circular economy in improving management of MSW is unrealized in the East African Community (EAC) and therefore needs more attention in the pursuit for sustainability.
On this background, the aim of this study was to evaluate the drivers of the current waste generation, collection and disposal practices in Kampala, Uganda in the context of the EAC and examine the impact of the drivers on the city's sustainability. The potential for developing a circular economy within the region for improved waste management has also been discussed in this study. The study serves as a benchmark for the cities of EAC, which is useful for evaluating the performance of waste services and encourage efficiency and innovation [2] to increase the move towards sustainability. It will serve as a useful reference for policy makers and financial planners for improvement of the region's waste management.
After this introduction, Section 2 details the materials and methods used to achieve the aims of the study, Section 3 presents the results of the study and Section 4 shows the discussion of these results, especially highlighting the policy implications of the findings. Finally, Section 5 provides the main conclusions from this study.
Materials and Methods

Study Area
East African Community
The East African Community is an organization formed between the governments of six partner states in eastern Africa, namely the Republics of Burundi, Kenya, Rwanda, South Sudan and Uganda as well as the United Republic of Tanzania ( Figure 1 ). The capital cities within the EAC region are Gitega, Nairobi, Kigali, Juba, Kampala and Dodoma for Burundi, Kenya, Rwanda, South Sudan, Uganda and Tanzania respectively. The EAC has its headquarters in Arusha, Tanzania and is one of the fastest growing regional economic blocks in the world with a combined gross domestic product (GDP) of USD 146 billion. The EAC occupies a land area of 1.82 million km 2 and is home to 150 million citizens, of which 22% are living in urban areas [19] . 
Kampala
Kampala is the capital city of Uganda and is situated within the Greater Kampala Metropolitan Area (GKMA), which also covers inner suburbs, peripheral towns and peri-urban extensions towards the east and south-west districts of Mukono and Entebbe respectively. The GKMA occupies a surface area of about 970 km 2 , defined by a 20 km radius from the centre of Kampala city, of which an area of 189 km 2 is covered by the city. As the only city in Uganda, Kampala is the centerpiece of economic, political and social transformation [20] in the country hosting 46% of all formal employment. It is Uganda's main industrial and commercial hub contributing approximately 65% of the country's GDP [21] . Consequently, although the city was originally planned for less than 500,000 people, it currently hosts a resident population of about 1.9 million (10% of the country's population) with a population density of 7928 persons per km 2 [21] . Moreover, the city has twice as many people during daytime hours due to transient visitors and commercial workers. The GDP per capita of Kampala city is 1530 USD at circa.
Kampala has five divisions: Central (central business district), Makindye, Nakawa, Kawempe and Rubaga. The city is administered on behalf of the Central Government by the Kampala Capital City Authority (KCCA), a legal corporate entity established by the Ugandan Parliament. KCCA is responsible for the collection, transportation, treatment and safe disposal of the waste generated within the city as mandated by the Public Health Act Cap 281 and the Local Governments Act. In conducting its duties, KCCA is mandated by the Kampala City Council Solid Waste Management Ordinance of 2000 to ensure that solid waste is collected and conveyed to treatment installations in a manner that satisfies both public health and environmental conservation requirements.
The Kiteezi Landfill
Kiteezi landfill is the only sanitary landfill in Uganda and is currently managed by KCCA. The landfill is located in the peri-urban Kiteezi, 13 km from Kampala city centre at latitude: 0°25′0′' and longitude: 32°34′00′' [22, 23] . Access to the landfill from the city is through the Kampala-Gayaza road (approximately 9 km) and then onto Buwambo road for 4 km [24] . Waste from Kampala city and the nearby peri-urban areas in the Wakiso district is disposed of at the landfill free of charge. The landfill location receives two seasons of rainfall (March to May and September to November) and has two dry seasons (December to February and June to August).
Data Collection
Waste quantities generated in Kampala were obtained by calculations based on waste collection efficiency record of KCCA and the quantities of waste delivered to Kiteezi landfill for disposal. Waste quantities for disposal were recorded daily from 2011 to 2017 at the landfill. Existing literature was 
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Data Collection
Waste quantities generated in Kampala were obtained by calculations based on waste collection efficiency record of KCCA and the quantities of waste delivered to Kiteezi landfill for disposal. Waste quantities for disposal were recorded daily from 2011 to 2017 at the landfill. Existing literature was then used to obtain data on the GDP and population of Kampala city during the study years as well as waste data of Nairobi and Dar es Salaam.
Waste Generation Data
Since there was a paucity of information on waste quantities at sources, waste generated in Kampala city was obtained by calculations based on the waste quantities received at Kiteezi landfill and the collection records from KCCA using equation 1 below. The percentages of waste collected monthly from the city were obtained from the records of KCCA and directly translated to collection efficiencies as collection percentage. The calculations were done for each month and the totals obtained as the annual quantities. The use of this calculation enabled us to obtain data on waste generation, which is limited but presents the limitation of excluding the waste quantities that are collected but are not taken to the landfill for disposal.
Total waste generated = waste quantities f or disposal collection percentage * 100 (1)
Waste Disposal Data
The quantity of waste received at Kiteezi landfill was recorded daily from 2011 to 2017 with the following details: date, the truck number plate, the waste quantity and the owner of the truck i.e., either KCCA or private waste collector. Waste delivered by KCCA was further categorized according to the division of the city from which it had been collected. To determine waste quantities, the trucks delivering waste to the landfill drove over a weighbridge before and after offloading the waste; the weight of the waste was calculated as the difference in the weight of the truck before and after the waste was taken out. Up until 2012, waste quantities were determined using this weighbridge. However, after 2012, the weighbridge broke down and waste quantities were determined by estimations based on the truck types and their capacities. To make these estimations, all garbage trucks that delivered waste to the landfill were weighed on a standardized weighbridge when empty and when filled with waste as a baseline to determine the net weights of waste that can be carried by the trucks. The procedure for obtaining the net weight was done three times for each truck and the average net weight calculated. After that, each time a truck delivered waste at the landfill, the net weight determined in this procedure was recorded as the waste quantity.
Although the use of estimates in this study had a limitation of either under or over estimation of the actual waste quantities, it was useful for collecting data even when faced with the challenge of the non-functional weigh bridge, which could not be repaired due to financial constraints.
Data Analysis
Data analysis was done using IBM SPSS statistics version 25. Before conducting ANOVA, the assumptions for ANOVA were tested. The assumption of normality and nonexistence of outliers were met for each combination of factors. Normality was tested for using the Shapiro-Wilk test.
The assumption for the homogeneity of variance was not met for when the test was using all the data but was met for the different years; a Levene's test of equality of error variances was used. Univariate ANOVA was then conducted to determine the differences in waste quantities in different years, from the five divisions and by the different waste collectors (KCCA or private companies). Means were separated using Fischer's Least Significant Difference (LSD) at 5% significance level. An independent samples t-test was conducted to determine if there was a difference in waste quantities collected in the two seasons of weather. Projections for waste generation in the cities of Kampala, Nairobi and Dar es Salaam were done based on population projections using the correlations between past waste quantities and population.
Results
Waste Generation Trends in Kampala
The rate of waste generation in Kampala increased from 0.26 to 0.47 kg/capita/day over the seven years of the study, with an average annual increase of 0.03 kg/capita/day. Consequently, the total annual waste volumes generated in the city also increased significantly from 407,890 to 785,214 tons in the seven years representing a 48% increase. This increase in the waste quantities corresponded to a 53.5% population increase within the same period. Per capita gross domestic product (GDP) was positively correlated with per capita waste generation for the 2011 to 2014 period. However, from 2015, the per capita waste generation continued to increase despite the fluctuations in the GDP (Figure 2 ). The rate of waste generation in Kampala increased from 0.26 to 0.47 kg/capita/day over the seven years of the study, with an average annual increase of 0.03 kg/capita/day. Consequently, the total annual waste volumes generated in the city also increased significantly from 407,890 to 785,214 tons in the seven years representing a 48% increase. This increase in the waste quantities corresponded to a 53.5% population increase within the same period. Per capita gross domestic product (GDP) was positively correlated with per capita waste generation for the 2011 to 2014 period. However, from 2015, the per capita waste generation continued to increase despite the fluctuations in the GDP (Figure 2 ). 
Waste Generation in EAC Cities
Comparisons between the cities of Kampala, Nairobi and Dar es Salaam showed that Kampala generated the least amount of waste during the study period while Dar es Salaam generated the highest amount of waste; five times the waste generated in Kampala. Projections of annual waste generation in the three cities, based on population projections, showed that waste is likely to increase by approximately 60% by 2030 in Kampala and Nairobi and by 74% in Dar es Salaam ( Figure 3 ) with per capita waste generation of. 0.843, 1.145 and 1.938 kg/ capita/ day for Kampala, Nairobi and Dar es Salaam (Table 1) 
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Waste Collection and Disposal
Waste collection efficiency in Kampala increased from 30% in 2010 [22] to a current rate of 64%. The total waste quantities delivered at Kiteezi landfill for disposal significantly (p < 0.05) varied with the year and with the collector. Additionally, the interaction between the year and collector also had a significant (p < 0.05) difference on the waste quantities. The total annual waste increased from 227,916 tons in 2011 to 481,081 tons in 2017 ( Table 2 ). Pairwise comparisons showed that total waste quantities for all years were statistically different from each other apart from quantities recorded in 2012 and 2013. For all the study years, KCCA delivered significantly (p < 001, LSD = 1251) more waste than the private collectors delivering. Starting 2016, the waste delivered by KCCA started to significantly decline while there was an exponential increase in the waste delivered by the private collectors starting 2015 ( Figure 4) . The t-test showed that there was no significant (p = 0.931) difference in the waste quantities collected in the wet or dry season.
Furthermore, waste quantities significantly (p < 0.05) varied with the division of the city from which the waste was collected ( Figure 5 ) with the central division contributing significantly more waste than all the other four divisions for all the years until 2015 when the waste from the central division started to significantly reduce. Waste from the other four divisions was not significantly different. Waste from the Rubaga division significantly declined in 2016 while waste quantities from the other divisions continued to increase up to the end of the study period. starting 2015 (Figure 4) . The t-test showed that there was no significant (p = 0.931) difference in the waste quantities collected in the wet or dry season. 
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Waste Generation and Its Drivers
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Waste Generation and Its Drivers
The correlation between the 48% increase in waste quantity and 53.5% population increase in Kampala indicates that for every percentage increase in population, there was an almost equal increase (0.9%) in waste generated. This close relationship between waste and population shows that population growth was probably the most important influencer of waste generation in Kampala with minimal influence from other factors known to influence waste generation rates as discussed by Hoornweg et al. [25] . The waste generation rate of 0.47 kg/capita/day was within the general range of EAC cities that has been reported earlier, from 0.26 kg/capita/day for low-income areas to 0.78 kg/capita/day for high-income areas [26] [27] [28] [29] . This rate was however much lower than the rate for Sustainability 2019, 11, 5523 9 of 16 high-income areas highlighting that income factors still had a limited influence on waste generation in Kampala. Similarly, the differences in waste quantities between the cities of Kampala, Nairobi and Dar es Salaam could be attributed to population differences mainly and to income differences to a lesser extent. Kampala, which had the lowest population and GDP of the three cities, generated the least amount of waste. A similar observation of population growth being the main driver of waste generation was reported for Nairobi by Kasozi and Blottnitz [30] .
Although several factors influence waste generation rates, namely population increase, urbanization, economic growth, per capita income and the overall industrialization [25] , population growth was still the major factor influencing waste generation in Kampala and the EAC. Economic influence is limited because most households in the EAC cities are generally poor as the high rate of urbanization and population growth mostly translates into informal settlements, which accommodate a significant percentage of the unemployed urban population [21] . However, despite the fact that economic growth has not yet reached a point of significant influence on waste generation, the influence of economic factors in the cities of Kampala and Nairobi, could not be completely ruled out, especially with increasing income levels. The correlation between GDP and per capita waste in Kampala up to 2014 shows that GDP might have contributed to the increase of waste generation in the city but the continued increase in waste generation thereafter, despite fluctuations in the GDP, shows that the influence of income levels is still limited.
An exception is Dar es Salaam where both population and economic growth are influencing waste generation rates in significant ways. The city has a population of over 4 million and is the third fastest growing city in Africa and the ninth fastest in the world [31] . The rapid economic growth is reflected in the waste generation, which has increased threefold over the past 16 years [32] . Moreover, the urban population in Dar es Salaam is expected to reach approximately 10 million by the year 2030 [32] with an estimated fourfold increase in the waste generated.
The increasing waste generation in the EAC calls for careful urban planning so that the waste does not grow to levels, which may render the cities inhabitable. Population growth being the major driver for waste generation in the region means that effective planning for waste management necessitates adequate inclusion of current and projected populations. Since sustainability requires that the needs of the future generations will be met, projecting future population sizes and planning for the proper management of their waste is prudent. The population growth rate is hence a good indication of waste generation increase rates, other factors held constant, since the two rates are almost equal in this study. Therefore, while planning for waste management, authorities can equate each percentage increase in population to a percentage increase in waste quantity as a first step, and then proceed to account to further increases in waste that are due to economic factors.
Additionally, it is essential that urban authorities in the EAC pay more attention to adopting the concept of circular economy in their policy agendas for waste management. Circular economy has an objective of maximizing the value got out of products at each point of their lives as opposed to conventional waste management, which is aimed at minimizing the costs of collection and disposal [16] . In so doing, circular economies turn goods that are at the end of their service lives into resources and thereby minimizing waste [17, 18] . As such, it prevents the loss of items that still have value as well as reduces the need and cost of manufacturing new products while reducing waste. Additionally, processing of items for reuse generates jobs and saves energy [16] .
The development of circular economies for waste management requires people to reuse what they can, recycle what cannot be reused, repair what is broken and remanufacture what cannot be repaired [16] . In this respect, the major opportunity for the development of a circular economy in Kampala lies in the fact that due to low income levels, there is a lot of reuse and repair as well as recycling to a limited extent. Reuse and repair of products mainly takes place at the household level but is still limited for the waste generated at commercial centers. However, although several countries are adopting the concept of the circular economy in their policies, especially the European Union, Africa in general and the EAC are still lagging behind. Therefore, although reuse and repair may be practiced more in Africa than other continents, other continents are leading the move of including circular economies in their policies. If such policies were embedded in the policy framework of EAC and support was available to the local workshops involved in repairing and processing material for reuse, the efficacy and output of the processes would be increased. Figure 6 summarizes the major policy considerations to enhance the closure of the loop for material use in Kampala to reduce waste. Additionally, adequate measures are needed to ensure proper hygiene when plastics and other materials are reused for packaging food products. Furthermore, since reuse and recycling in Kampala is mainly as a result of necessity due to economic reasons, measures need to be put in place to ensure that the practices are continued even when household incomes increase.
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Waste Collection: Drivers and Challenges
The increased waste collection efficiency in Kampala is a step in the right direction towards sustainability. Although the current collection rate in Kampala city (64%) is still within the range of 20-80%, which was reported for African cities by [14] , it is higher than rates reported for several cities like Ndjamena in Chad at 15-20%, Yaoundé in Cameroon (43%) [33] , Nairobi (30-40%) [28] and Dar es Salaam (51%) [32] . Such low collection efficiencies in the EAC clearly show that effective waste collection is a challenge to the governments and is creating environmental problems for the current and future generations. 
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Waste collection is problematic in the EAC due to the limited capacities of the city authorities and of the available vehicles. Waste is being generated at rates higher than the rates at which the capacities of the authorities to manage the waste are growing. Consequently, collection is done according to the capacity of the trucks available and not according to the waste that needs to be collected. Hence, although the rates of waste generation in the EAC are still much lower than rates reported for developed countries (1.22 kg/capita/day) [14] , the waste poses a significant challenge to the authorities due to such restricted resources and capacity. Therefore, to improve waste management, it is inevitable that resources available to authorities are increased. Waste management needs to receive more priority in the resources planning especially in national and city budgets. The utilization of the allocated resources should also be closely monitored to ensure that they are used for the intended purposes.
Waste collected by the private collectors increased due to more efforts of KCCA to include the private sector in the waste management process. KCCA engaged three concessionaires, through a public-private partnership to collect and transport waste to Kiteezi landfill so as to improve waste collection efficiency. While the benefits of private sector inclusion in public service is still not agreed upon [34] , the increase in the waste collection efficiency in Kampala is mostly attributed to this inclusion of private collectors in the waste collection processes. An important measure to increase waste collection is the increase in the number of collection vehicles or number of trips made per vehicle. However, with limited institutional capacity, more inclusion of the private sector in the waste collection process could potentially serve to increase the waste quantities collected. Nonetheless, for optimum functioning of the private sector in waste management, better policy framework should be developed [34] to regulate private actors and ensure that the public's needs are met. Specifically, provision of incentives to private waste collectors would be useful in increasing their efficiency during waste collection. With proper policies in place, city authorities can then focus their limited resources on ensuring that the private actors meet their end of the contracts.
Besides, the inclusion of the private sector, increased waste collection in Kampala could also be attributed to the numerous improvements in the city including recruitment of over 1000 staff, infrastructure development and reconstruction of over 170 km of road network. Since waste collection efficiency is influenced by the accessibility of areas and the ease of retrieval of waste, these improvements can correctly be expected to have improved collection efficiency within the city. The bring waste collection system is used in Kampala where the waste generators have to take their waste to a particular collection point. In the commercial areas like markets, these areas are well defined and people can dispose of waste at any time. However, in residential areas, residents have to take the waste to the collection vehicles at the time of collection. This waste collection system is useful for ensuring the collection of waste from areas that cannot be reached by the vehicles. However, it discourages people who are far from the collection points from taking their waste to these points leading to the disposal of the waste in abandoned areas or water channels.
On the other hand the increase in waste collection observed in Kampala, it did not match the increase in the generated waste quantities leaving a significant 36% of the waste uncollected. This gap in waste collection can be attributed to mainly the limited capacity of waste collection vehicle and to several gaps in infrastructural developments in the city. Despite the infrastructure within the central division having been significantly transformed, informal slum settlements characterized by temporary dwellings and poor access roads and drainage infrastructure have proliferated in the low lying areas of the city. Poor road networks and a large number of extensive slums hinder access to and recovery of waste reducing the collection efficiency [28, 35] . Additionally, MSW collection services are also interrupted by traffic congestion, which is very common in Kampala.
The variations in the waste quantities collected from the different divisions of the city could be attributed to the differential informal waste picking. Although waste quantities from the central division of Kampala were initially more than waste from the other divisions, they started to decrease in 2015 due to more waste being picked from the streets by informal waste pickers. The central division is concentrated with businesses and institutions that generate very high quantities of recyclable material, which waste pickers can sell. Waste is also picked off the trucks after it is collected reducing the amount that eventually reaches the landfill. This has tremendously reduced the amount of waste from the division and the waste continues to reduce as more people get involved in waste picking. However, well-coordinated and managed efforts to increase the separation of wastes at the source would enhance the removal of recyclables, which would greatly reduce the waste destined for disposal. This waste picking creates a further gap in the amount of waste that is accounted for because since the recyclables are quickly collected on the streets in the central division, these amounts are missing from the estimations of waste generation. Additionally, waste picked on the trucks creates a category of waste that is not being accounted for because even though it is collected from the source, it never makes it to waste disposal sites. Hence, waste measurement at disposal sites does not capture the total amount of waste initially collected. More research is needed to improve the documentation of waste quantities at all levels of the waste chain.
The lack of relationship between waste received at the Kiteezi landfill and the season or month in this study is contrary to other studies that show that collected waste is lower during the wet seasons and festive seasons. This lack of relationship could be due to a fixed number of trucks being used to collect waste and to the fact that waste quantities were estimated using truck types, which could cause variations in the actual waste quantities.
Waste Disposal
The trend of ever increasing waste quantities for disposal in Kampala city creates an ever growing need for more land to dispose of the waste. Consequently, due to limited land availability coupled with limited institutional capacity to establish new disposal sites as required, there is continued use of existing sites beyond their capacities creating a major sustainability dilemma. For instance, the Kiteezi landfill occupied an area of 29 acres when it was established in 1996 but was extended by 6 acres in 2007 [23, 24] as a short-term arrangement to extend the landfill lifespan for two years [22] . However, the landfill continues to be used beyond its capacity ending up with conditions similar to an open dump although it was constructed as a sanitary landfill. Since the trend of increasing waste quantities for disposal is typical for the EAC, most of the waste disposal sites are similarly being used beyond their capacities. For example, Dandora dump in Nairobi and the only municipal landfill located at Nyanza in Kigali [36] , which were deemed full in 2001 and 2013 respectively, continue to be used. Yet with more waste being generated in the face of limited resources to construct sanitary landfills, the existing sites are likely to continue being used despite the environmental impacts caused.
The continued use of more land for waste disposal creates a growing threat to all land resources particularly soil and water and consequently human health. With more land being used for disposal particularly beyond its carrying capacity, the risk of soil and water resources being exposed to direct contact with waste and subsequent leachates reduces the sustainability of waste disposal sites. Additionally, the current disposal trend creates a situation where humans have to compete with waste for settlement and productive agricultural land as well as for safe water. This has resulted to more people rapidly occupying areas adjacent to landfills without due attention to the impact that the landfills may have on their health and wellbeing. This situation, coupled with the expanding disposal areas, continuously puts the health of people at risk.
However, the environmental cost of disposal in terms of the measures of water and soil productivity lost to the waste disposal sites has not as yet received full attention and has not been studied adequately in Africa. Methodology for quantifying the loss of environmental resources to waste disposal is still lacking. Determining the quantities and rates of loss of these resources to waste disposal would be beneficial in highlighting the magnitude of the situation and may increase the attention paid to waste disposal management in Africa.
Overall, the best practice for sustainability of waste management in Africa would be the reduction of waste that is eventually disposed of. However, since there are no official transfer stations for waste in most African countries [32] , huge amounts of recyclable waste are taken directly to the disposal sites. Nevertheless, it is paramount that the maximum possible efforts start being made towards achieving more recycling and reducing the quantities of waste that are disposed of. This could start with well-coordinated and managed efforts to increase the separation of wastes at the source, which would reduce the disposal of recyclable and reusable materials. Effective waste separation necessitates treating waste as a resource and hence designing circular economies for resource efficiency, which in turn calls for policies that permit a shift from conventional waste management to integrated and comprehensive resource management [37] .
Another issue for consideration for more efficient resource recovery is the engagement of the general public in the waste management plans and strategies [38] , which is key to the success of waste management and achieving the goal of livable cities in EAC countries. In particular, effort should be made to educate and sensitize the waste generators about the impacts of their waste on city's environment and livability and what they can do or change to achieve sustainable development goal of their city. Since most disposal sites in developing African countries are generally located in peri-urban areas to manage waste from the cities, city dwellers are often not fully aware of or concerned about the impacts of their waste disposal.
Progress Towards Sustainable Waste Management in Kampala
In 1997, Kampala City Council (KCC) designed a framework to reform policies aimed at moving the delivery of services to the private sector so as to ensure service quality and coverage. Subsequently, in 1999, an action plan to manage MSW was developed to identify opportunities for the private sector to get involved in the management of and planning for municipal waste. To operationalize this plan, the Kampala Solid Waste Management ordinance was developed and put in place by KCC in 2000 putting the responsibility of safe waste collection and disposal to the generator (polluter pays principle) through well-established systems by the local authority (KCCA) and/or its agents (private sector). It also prioritized private sector participation along the entire waste value chain guided by clear standard operating procedures and fulfillment of contractual obligations to ensure inclusive, effective and efficient service delivery with due consideration of public health and environmental pollution control.
With the establishment of KCCA in 2011, the initial focus was placed on massive city awareness campaigns and the clean-up of widespread waste heaps and backlogs. At a strategic level, an integrated whole chain model was adopted with a multi-stakeholder participatory approach. This approach ensures a strong focus on establishing systems, equipment and infrastructure for collection and transport and safe disposal and treatment coupled with public participation through; education and awareness campaigns, regulation and enforcement and waste segregation at source. However, with the projected increase in both the resident and transient population in Kampala city, the waste accumulation rate is expected to increase beyond the existing capacity for collection and transport. Moreover, the Kiteezi landfill has exceeded its design capacity and the current operations are not optimized to facilitate materials and resources recovery, adequate leachate treatment and pollution control, as well as efficient utilization of space (through soil cover and compaction).
Consequently, KCCA has acquired 135 acres of land in the peri-urban area of Dundu in the Mukono district to establish a state-of-the-art facility for integrated waste disposal and treatment as well as materials and resource recovery. Completion of this facility will potentially reduce environmental issues at the Kiteezi landfill and increase the move towards sustainable waste disposal in the city. However, effective waste sorting and recycling would be helpful in ensuring sustainability of the new site and increase its life span. It is also important that the crucial lessons learnt from the Kiteezi landfill should be fully incorporated into the management of the new landfill.
Limitations of the Study
It was notably observed that there is a general difficulty in obtaining reliable waste generation data for the EAC. Most available data is acquired from estimates because measurements at waste sources are not carried out in most African countries; and hence gives values that are less than the actual amounts. Additionally, some portion of the generated waste does not go through the general stream of collection and disposal and is therefore not accounted for in the estimates. Furthermore, the diverse nature of EAC cities with some unreachable areas means that waste generated in those areas is not fully accounted for. However, since this waste eventually ends up in the environment, it is important to determine as much as possible the actual values of the total waste generated. Scientific research provides a good route through which the availability and quality of data can be increased in the EAC region. However joint research, which is developed to solve the issues faced by the authorities would enhance the linkage between research and industry increasing the effectiveness of the research [39] . Additionally, the use of technologies like remote sensing and weighbridges can go a long way in aiding the acquisition of accurate waste data and hence more investment in these should be considered.
Conclusions
The most significant drivers for waste generation, collection and disposal found in this study are population growth, capacity of collection vehicles and the need for disposal respectively. These drivers highlight the inefficiencies in the MSW management practices in the EAC and clearly show that MSW management is a significant hindrance to achieving sustainable development in the region. Major challenges for proper waste collection and disposal are created by the large quantities of waste generated and magnified by requirements for financial and vehicle capacities beyond those available to city authorities. Consequently, the waste management practices are not aligned to the waste management requirements. Moreover, the challenges are likely to worsen with the projected 60% and 74% increase in the waste generation for Kampala and Nairobi and for Dar es Salaam respectively.
Waste generation in Kampala increased by 48% over seven years in response to a 54% increase in population. This means that adequate considerations of the population growth rates should be done while planning for waste management. Although waste collection efficiency increased by 34% during the study period, the increase did not match with the increase in the waste quantities but depended on the vehicles available for waste collection. This mismatch indicates that there is still a significant amount of waste (36%) left uncollected, and so better strategies for increasing the amount of waste collected are required.
Since, the involvement of private waste collectors increased the total quantities of waste collected in Kampala, there is need for policies that provide incentives to such collectors to increase waste collection. However, increased waste collection needs to be matched with proper management of the collected waste and better management and maintenance of waste disposal sites. Contrarily, waste continues to be disposed of at Kiteezi landfill irrespective of the landfill's exceeded capacity due to the need for space to dispose of the waste generated in the city. Waste quantities delivered to Kiteezi have increased from 227,916 to 480,081 tons per year within the study period and yet the capacity of the landfill was exhausted in 2009. Such use of disposal sites beyond their capacities, as is common in the EAC, puts pressure on the land, and therefore creates an urgent need to reduce the waste quantities that end up in disposal sites. Development of circular economies is crucial in the efforts to reduce waste within the EAC. Planning for better reuse, reduce and recycling strategies of waste is needed. Policies that would sustain circularity and encourage the different actors to get more involved in the processes of waste management that are higher up in the hierarchy.
The use of estimates of waste quantities in this study indicates the lack of accurate waste data and highlights a critical gap in the management of waste within the EAC. More research focused on quantifying waste at each stage of the waste management chain and setting up measures for the acquisition of accurate waste generation data will be an important starting point for improving waste management in the region. Furthermore, accurate data are important in proper waste management planning and for this waste management authorities need to make efforts in the acquisition and recording of accurate waste quantity data. The estimates, like the ones provided in this study, provide good baselines for further data collection efforts. 
